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Description

FIELD OF THE INVENTION

[0001] The invention relates to drug delivery composi-
tions comprising cellulose nanofibers or derivatives
thereof.

BACKGROUND OF THE INVENTION

[0002] Health care remains at the foremost frontiers
for scientific research. The need to discover and develop
cost-effective and safer medications is ever increasing.
[0003] Hydrogels, both of synthetic and natural origin
have emerged for example as suitable scaffolds for 3D
cell culture. The network of interconnected pores in hy-
drogels allows for retention of a large amount of biological
fluid, facilitates transport of oxygen, nutrients and waste.
Furthermore, most hydrogels can be formed under mild
cytocompatible conditions and the biological properties
can be modulated by surface chemistry. Engineered hy-
drogels with modified mechanical; chemical and biolog-
ical properties have the potential to mimic the ECM and
thus establish their utility in 3D cell culture. Commercial
products for 3D cell culturing are for example PuraMa-
trix™ (3DM Inc.) and Matrigel (BD Biosciences). PuraM-
atrix™ is a hydrogel of self-assembled peptide nanofibers
wich resembles the structure of natural fibrillar collagen
in ECM with fiber diameter 5-10 nm. It has also high water
content, typically 99.5%. US 7,449,180 and WO
2004/007683 disclose peptide hydrogels. Matrigel is ge-
latinous protein mixture secreted by mouse tumor cells.
The mixture resembles the complex extracellular envi-
ronment found in many tissues and is used by cell biol-
ogists as a substrate for cell culture. MaxGel™ ECM Ma-
trix (Sigma-Aldrich), which includes a mixture of human
ECM components, forms a gel in ambient temperature.
[0004] Conventional bacterial cellulose has been used
in wound healing membranes and as a scaffold in cell
culture. The limitation in the use of bacterial cellulose is
the inherent structure of the fermented material; upon
cultivation, bacterial cellulose is formed as very tight
membranes in air water interphase in the fermenter.
[0005] Hydrogel materials are widely used in culturing
tasks where hydrophilic supporting material is needed,
for example agar type hydrocolloids are used in plant
cell, bacterial, and fungi culturing for various microbio-
logical purposes.
[0006] Patent US 5,254,471 discloses a carrier for cul-
turing cells made of ultra fine fibers. WO 2009/126980
discloses cellulose-based hydrogel, which contains cel-
lulose exhibiting an average degree of polymerization of
150-6200.
[0007] Czaja et al. (Biomaterials 27(1):145-151, 2006)
discloses fermentation of Acetobacter xylinum to pro-
duce microbial cellulose membranes and their use for
the healing of wounds. Wiegand et al. (Wound Repair &
Regenration 17(5):30-738, 2009) disclose a dressing of

biocellulose produced by A. xylinum with the addition of
polyhexanide. US 2007/0053960 discloses dressings
which are composites of biocellulose and carboxymeth-
ylcellulose. These documents are silent on possible
chemical and/or physical treatments which would result
in the disintegration of bacterial cellulose membranes.

BRIEF DESCRIPTION OF THE INVENTION

[0008] There is a clear need for hydrogel matrix or car-
rier useful in drug delivery compositions.
[0009] An object of the present invention is to provide
a novel approach for drug delivery compositions. The
objects of the invention are achieved by a drug delivery
composition comprising cellulose nanofibers and/or de-
rivatives thereof and at least one drug substance or med-
icament. The characteristic features of the invention are
stated in the independent claims. The preferred embod-
iments are disclosed in the dependent claims.
[0010] The present invention is based on the use of
cellulose nanofibers and/or derivatives thereof in a hy-
drogel matrix.
[0011] The present inventor surprisingly found out that
hydrogels composed of cellulose nanofibers (CNF)
and/or derivatives thereof can be used, even without any
modifications, in drug delivery compositions. CNF hydro-
gel is an optimal biomaterial for drug delivery in vivo.
[0012] The present inventors describe particularly the
physical and biocompatibility properties of plant derived
CNF hydrogel. Plant cellulose is extensively used in the
paper and textile industry and is abundant naturally. The
native cellulose nanofiber hydrogel is opaque. Chemical
modification of cellulose pulp prior to mechanical disin-
tegration gives rise to optically transparent hydrogels.
[0013] The present invention is based on experimental
studies on hydrogels composed of cellulose nanofibers
(CNF) and/or derivatives thereof, which are dispersed in
aqueous environment. The nanofibers are highly hy-
drophilic due to hydroxyl functionalities of cellulose pol-
ymers and partly covered with hemicellulose polysaccha-
rides.
[0014] Accordingly the present invention provides a
drug delivery composition comprising cellulose nanofib-
ers and/or derivatives thereof, wherein the cellulose na-
nofibers are in a form of a hydrogel.
[0015] A significant advantage of the present invention
is that drugs can be maintained in the biomaterial media
without additives. The drug substance particles are even-
ly dispersed in the media/matrix containing cellulose na-
nofibers or a derivative thereof. The homogenous distri-
bution of the drug in the cellulose nanofibers and/or ade-
rivatives thereof is a prerequisite for the material to func-
tion as supporting or carrier media for drugs.
[0016] Further advantages of the present invention in-
clude: cellulose nanofibers and/or derivatives thereof are
inert and give no fluorescent background. The media
comprising cellulose nanofibers and/or derivatives there-
of can be injected. Injectability is explained by the rheo-

1 2 



EP 2 632 493 B1

4

5

10

15

20

25

30

35

40

45

50

55

logical properties. The injection can be performed so that
the drug stays stable inside matrix and is homogeneously
distributed in the matrix after injection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1 depicts cryo-TEM images of cellulose na-
nofiber hydrogels. Native CNF is on the left side (A)
and transparent CNF is on the right side (B).

Figure 2 depicts diffusion of different molecular
weight dextrans (20 kDa, 70 kDa, and 250 kDa)
through 1% native cellulose nanofiber hydrogel.

Figure 3 depicts visco-elastic properties of 0.5 %
CNF hydrogel by dynamic oscillatory rheological
measurements. Frequency dependence of G’ (the
storage modulus) and G" (the loss modulus) of a
0.5% native CNF hydrogel are presented.

Figure 4 depicts viscosity of 0.5% CNF hydrogels
as function of applied shear stress in comparison
with 0.5% solution of water soluble polymers poly-
acrylamide (5 000 kDa) and CMC (250 kDa).

Figure 5 depicts viscosity of 0.5% CNF hydrogels
as function of measured shear rate in comparison
with 0.5% polyacrylamide and CMC. Typical shear
rate regions of different physical processes have
been marked on the figure with arrows.

Figure 6 depicts schematic presentation of CNF hy-
drogel containing cells, flowing in a needle. High
shear rate region (low viscosity) is located at the gel-
needle interface and low shear rate region (very high
viscosity) is located in the middle of the needle.

Figure 7 depicts evolution of shear rate and viscosity
when a 0.7% native CNF hydrogel was sheared in
a rheometer in concentric cylinder geometry at a con-
stant stress of 40 Pa.

Figure 8 depicts structure recovery of a 0.7% native
CNF hydrogel dispersion after shearing at high
shear-rate as compared with after gentle mixing with
a glass rod.

Figure 9 depicts stability of two gravel suspensions
in 0.5% native CNF hydrogel, (top row) and in 0.5%
transparent CNF hydrogel (bottom row) for 17 days
period. The gravel was CEN Standard sand (EN
196-1) with average particle size 1-2 mm and 2-3
mm. The samples were stored at room temperature.

Figure 10 depicts the influence of enzymatic hydrol-
ysis on the suspension ability of cellulose nanofiber

gels. The gravel was CEN Standard sand (EN 196-1)
with average particle size 1-2 mm.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The present invention relates to a drug delivery
composition comprising cellulose nanofibers and/or de-
rivatives thereof, wherein the cellulose nanofibers or de-
rivative thereof are in a form of a hydrogel. Cellulose na-
nofibers or derivatives thereof can be obtained from non-
animal based material such as raw material comprising
plant material or microbial cellulose or derived from bac-
terial fermentation processes, commonly known as bac-
terial cellulose (BC).
[0019] Unless otherwise specified, the terms, which
are used in the specification and claims, have the mean-
ings commonly used in the field. Specifically, the follow-
ing terms have the meanings indicated below.
[0020] The term "drug delivery composition" refers to
a material comprising cellulose nanofibers and/or deriv-
atives of cellulose nanofibers, and drug or medicament.
Said material is suitable for the use in the delivery of
drugs or medicaments for humans and animals. Cellu-
lose nanofibers can be in a form or a hydrogel. Said com-
position can further contain various additives.
[0021] The term "cellulose raw material" refers to any
cellulose raw material source that can be used in pro-
duction of cellulose pulp, refined pulp, or cellulose na-
nofibers. The raw material can be based on any plant
material that contains cellulose. The raw material can
also be derived from bacterial fermentation processes.
Plant material may be wood. Wood can be from softwood
tree such as spruce, pine, fir, larch, douglas-fir or hem-
lock, or from hardwood tree such as birch, aspen, poplar,
alder, eucalyptus or acacia, or from a mixture of soft-
woods and hardwoods. Non-wood material can be from
agricultural residues, grasses or other plant substances
such as straw, leaves, bark, seeds, hulls, flowers, vege-
tables or fruits from cotton, corn, wheat, oat, rye, barley,
rice, flax, hemp, manilla hemp, sisal hemp, jute, ramie,
kenaf, bagasse, bamboo or reed.
[0022] The cellulose raw material may also be derived
from cellulose-producing microorganism whereby it is
called microbial cellulose. "Cellulose nanofibers" can be
directly isolated from certain fermentation processes.
The cellulose-producing microorganism may be of the
genus Agrobacterium, Rhizobium, Pseudomonas or Al-
caligenes, suitably of the genus Acetobacte, such as the
species Acetobacter xylinum or Acetobacter pasteur-
ianus.
[0023] The term "cellulose pulp" refers to cellulose fib-
ers, which are isolated from any cellulose raw material
using chemical, mechanical, thermo-mechanical, or che-
mi-thermo-mechanical pulping processes. Typically the
diameter of the fibers varies between 15-25 mm and
length exceeds 500 mm, but the present invention is not
intended to be limited to these parameters.
[0024] The term "cellulose nanofiber" refers to a col-
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lection of isolated cellulose nanofibers (CNF) or nanofib-
er bundles derived from cellulose raw material or cellu-
lose pulp. Nanofibers have typically high aspect ratio: the
length might exceed one micrometer while the number-
average diameter is typically below 200 nm. The diam-
eter of nanofiber bundles can also be larger but generally
less than 1 mm. The smallest nanofibers are similar to
so called elementary fibrils, which are typically 2-12 nm
in diameter. The dimensions of the fibrils or fibril bundles
are dependent on raw material and disintegration meth-
od. The cellulose nanofibers may also contain some
hemicelluloses; the amount is dependent on the plant
source.
[0025] Mechanical disintegration of cellulose raw ma-
terial, cellulose pulp, or refined pulp is carried out with
suitable equipment such as a refiner, grinder, homoge-
nizer, colloider, friction grinder, ultra-sound sonicator, flu-
idizer such as microfluidizer, macrofluidizer or fluidizer-
type homogenizer. As a result cellulose nanofibers are
obtained. Preferably cellulose raw material, including mi-
crobial cellulose is mechanically disintegrated.
[0026] "Cellulose nanofibers" or "cellulose nanofibers
or a derivative thereof" can also be any chemically or
physically modified derivate of cellulose nanofibers or
nanofiber bundles. The chemical modification may be
based for example on carboxymethylation, oxidation, (for
example TEMPO-oxidation), esterification, or etherifica-
tion reaction of cellulose molecules. Modification may al-
so be realized by physical adsorption of anionic, cationic,
or non-ionic substances or any combination of these on
cellulose surface. The described modification can be car-
ried out before, after, or during the production of cellulose
nanofibers. Certain modifications may lead to CNF ma-
terials that are degradable in human body.
[0027] Suitably the cellulose raw material such as cel-
lulose pulp is pretreated with acid and base prior to the
mechanical disintegration. The pretreatment is effected
by subjecting the cellulose pulp to acid treatment, pref-
erably with hydrochloric acid for removing any positively
charged ions having a charge more than +1, followed by
treatment with an inorganic base containing positively
charged ions having a charge +1, preferably NaOH,
where Na+ ions replace the earlier ions. This pretreat-
ment provides the "cellulose nanofibers" excellent gelling
properties and transparency. This pretreated product is
referred to as acid-base pretreated or ion exchanged
"cellulose nanofibers".
[0028] Microbial purity of the "cellulose nanofibers" is
often essential for the product. Therefore, the "cellulose
nanofibers" may be sterilized in a hydrogel or membrane
form. In addition to that it is important to minimize the
microbial contamination of the product before and during
the mechanical disintegration, such as fibrillation. Prior
to fibrillation, it is advantageous to aseptically collect the
cellulose pulp from the pulp mill immediately after bleach-
ing stage when the pulp is still sterile.
[0029] There are several widely used synonyms for
"cellulose nanofibers". For example: nanocellulose, na-

nofibrillated cellulose (CNF), nanofibrillar cellulose, cel-
lulose nanofiber, nano-scale fibrillated cellulose, micro-
fibrillar cellulose, microfibrillated cellulose (CNF), or cel-
lulose microfibrils.
[0030] In addition, cellulose nanofibers produced by
certain microbes has also various synonymes, for exam-
ple bacterial cellulose (BC), microbial cellulose (MC), bio-
cellulose, nata de coco (NDC), or coco de nata.
[0031] Cellulose nanofibers described in this invention
is not the same material as so called cellulose whiskers,
which are also known as: cellulose nanowhiskers, cellu-
lose nanocrystals, cellulose nanorods, rod-like cellulose
microcrystals or cellulose nanowires. In some cases,
similar terminology is used for both materials, for exam-
ple by Kuthcarlapati et al. (Metals Materials and Proc-
esses 20(3):307-314, 2008) where the studied material
was called "cellulose nanofiber" although they clearly re-
ferred to cellulose nanowhiskers. Typically these mate-
rials do not have amorphous segments along the fibrillar
structure as cellulose nanofibers, which lead to more rigid
structure. Cellulose whiskers are also shorter than cel-
lulose nanofibers; typically the length is less than one
micrometer.
[0032] The dimensions of individual cellulose nanofib-
ers are quite close to aforementioned dimensions of col-
lagen fibers in ECM, i.e. 4-10 nm.
[0033] In the experiments of the present invention, two
kinds of cellulose nanofibers were used: opaque native
CNF and optically transparent CNF, which was TEMPO-
oxidized cellulose. Detailed description of the materials
is presented in the Examples, Materials and methods
section.
[0034] The term "cellulose nanofiber hydrogel" refers
to aqueous dispersion of cellulose nanofibers.
[0035] The cellulose nanofibers or a derivative thereof
of the present invention can comprise chemically or phys-
ically modified derivates of cellulose nanofibers or na-
nofiber bundles.
[0036] The drug delivery compositions of the present
invention are based on the properties of the hydrogel,
particularly the injectability of the hydrogel. Said compo-
sitions are suitable for the injection of drugs in CNF hy-
drogel in intraocular, intramuscular, or in subcutaneous
treatment, however the properties of the hydrogel make
it also very suitable for topical products. The drug delivery
composition may comprise one or more active drug sub-
stances or medicaments incorporated in the cellulose na-
nofiber hydrogel. Said drug substances may be selected
from drug substances and medicaments suitable for top-
ical use, for intramuscular use, for intraocular use, for
subcutaneous use and for use in connection with surgery.
Examples of such drugs are hormones, anesthetic,
chemotherapeutic, anti-inflammatory, antimicrobial, an-
algesic, drug substances and medicaments, as well as
biotechnical and biological drugs, peptide and protein
drugs.
[0037] The drug delivery composition of the present
invention may further comprise one or more suitable and
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pharmaceutically acceptable additives generally used in
topical, intramuscular, intraocular, and subcutaneous
preparations, for example preservatives, emollients, ab-
sorbents, protective agents, demulcents, antioxidants,
buffering agents, moisturizers, skin-penetration enhanc-
ers, solubilizers etc well known to a man skilled in the art.
[0038] The drug delivery composition is suitable as a
topical product for the local delivery of drug substances,
as a topical product for the systemic delivery of drug sub-
stances which are readily absorbed through the skin, for
subcutaneous delivery of drugs and for injectable drugs,
which are directly administered to the site or organ where
the effect is desired. The composition is also particularly
suitable for dental applications, and for intraocular, intra-
vitreal, intramuscular and subcutaneous delivery of
drugs.
[0039] The invention provides the use of hydrogel com-
prising cellulose nanofibers and/or derivatives thereof as
a carrier for drug delivery compositions.
[0040] The present invention also relates to a method
for producing a composition according to the invention,
comprising the steps of providing cellulose nanofibers
and/or derivatives thereof; mixing together said cellulose
nanofibers and/or derivatives thereof with water; and
combining the obtained mixture with at least one suitable
medicament or drug substance.
[0041] The drug substance may be incorporated in the
hydrogel as an aqueous solution or dispersion. Prefera-
bly sterile or pharmaceutical grade water is used.
[0042] The obtained composition (mixture) comprising
the drug substance or medicament may be placed or
transferred to a suitable environment or device for drug
delivery, such as an applicator, syringe, kit or the like.
[0043] Said composition comprises suitably 0.05 - 20
wt% of cellulose nanofibers and 0.001 - 20 wt% of at least
one drug substance or medicament and water.
[0044] The present inventors surprisingly found out
that particularly the plant derived CNF hydrogel can be
used without any modifications in drug delivery in vivo.
[0045] In topical drug delivery compositions plant de-
rived cellulose and microbial cellulose may be used. In
the injectable products it is preferable to use plant derived
cellulose, particularly preferably native or non-ionic
grade.
[0046] The removal of cellulose nanofibers from the
composition may be carried out for example with en-
zymes using enzymatic degradation of cellulose mole-
cules. Proper enzymes are for example commercially
available cellulases.
[0047] The present invention discloses particularly the
physical and biocompatibility properties of plant derived
CNF hydrogel. Plant cellulose is extensively used in the
paper and textile industry and is abundant naturally. The
native cellulose nanofiber hydrogel is opaque. Chemical
modification of cellulose pulp prior to mechanical disin-
tegration gives rise to optically transparent hydrogels.
[0048] Cellulose nanofibers of the present invention
are used in the form of hydrogel. The gel strength of CNF

hydrogel can be easily altered by dilution. Cellulose na-
nofibers or a derivative thereof having similar properties
is not toxic to cells.
[0049] If cellulose nanofiber hydrogels are compared
to UV cross-linkable cell culture hydrogels, like hyaluron-
ic acid or PEG hydrogels, the CNF materials are consid-
ered much less toxic. In UV cross-linkable gels harmful
photoinitiators are needed to initiate gelation while the
CNF hydrogels are formed spontaneously. The noncov-
alent nature of the CNF hydrogels allows also adjustment
of the porosity by dilution.
[0050] The remarkably high yield stress stabilizes the
composition against sedimentation.
[0051] Bacterial cellulose has been used directly after
fermentation, in which case the resulting membrane
structure is considerably firmer than the hydrogel of the
present invention i.e. a hydrogel from cellulose nanofib-
ers. Therefore prior art methods have required additional
processes for making the hydrogel matrix more porous.
[0052] The firmness of the cell culture media contain-
ing cellulose nanofibers in gel form can be adjusted with-
out influencing the properties of the cell culture. Cellulose
nanofibers originating from bacteria are also thicker than
cellulose nanofibers from other sources.
[0053] The material of the invention may be injectable.
[0054] The properties of CNF are: transparent, non-
toxic, highly viscous, high suspending power, high water
retention, good mechanical adhesion, non-animal based,
resembles ECM dimensions, insensitive to salts, temper-
ature or pH, not degradable, no autofluorescence. CNF
has negligible fluorescence background due to the chem-
ical structure of the material. Furthermore, CNF gel is not
toxic to the cells. Thus CNF gels are safe to be used as
injectable and topical products to humans and animals.
[0055] Based on the diffusion studies the CNF hydro-
gel is highly permeable and is freely facilitating the ex-
change of oxygen, nutrients and water soluble metabo-
lites of the cells.
[0056] Cryo transmission electron microscopy shows
that the CNF hydrogel is composed of a mixture of indi-
vidual cellulose nanofibrils and fiber bundles. The dimen-
sions of CNF are alike native human collagen, which is
a natural ECM component and commonly used as a cell
support. The strength (elasticity) of CNF hydrogel stays
nearly constant as function of used frequency from 0.01
to 1 Hz. Rheology data reveals the shear viscosity of
about several hundred kilo Pascals in rest (low shear
stress) to drop to few Pascals within one Pascal shear
stress. That behavior is rather unique for biomaterial hy-
drogels. It enables the extremely good suspending ca-
pacity and by the shear-thinning behaviour enables the
desired easy dispensing and injection independently of
the size of the used needles. The mechanical properties
of elasticity and stiffness are optimal for CNF hydrogels
and injection.
[0057] The dimensions of the fibrillar network of cellu-
lose nanofibers or a derivative thereof is very close to
natural ECM network of collagen nanofibers. Further-
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more, cellulose nanofibers or a derivative thereof is non-
animal based material, i.e. there is no risk for disease
transfer. Currently, most of the commercial products are
isolated from animals. Possibilities to adjust physical
form: CNF materials from hydrogels to membranes can
be utilized. CNF membranes are transparent and highly
porous. Mass production is easy compared to alterna-
tives.
[0058] Native cellulose nanofibers are not toxic to the
cells. Cellulose nanofibers or a derivative thereof have
neglible fluorescence background. Cellulose nanofiber
hydrogel has optimal elasticity, stiffness, shear stress,
mechanical adhesion and porocity.
[0059] In an aqueous environment, cellulose nanofib-
ers form a continuous hydrogel network of dispersed na-
nofibers or nanofiber bundles. The gel is formed by highly
hydrated fibrils that are entangled between each other,
even at very low concentrations. The fibrils may interact
also via hydrogen bonds. The macroscopic structure is
easily destroyed with mechanical agitation, i.e. the gel
starts to flow at elevated shear stress. Cellulose nanofib-
er hydrogels and/or derivatives thereof have not been
previously described to be used as cell culture material.
[0060] Applications of the present invention include
providing drug dosage applications, biotechnological or
biological medicines and their dosage. The unique rhe-
ological properties of the CNF hydrogel enables several
applications which are based on the injectability of the
hydrogel, like injection of drugs in CNF hydrogel in in-
traocular, intramuscular, or subcutaneous treatments, as
well as topical products.
[0061] The following examples are given to further il-
lustrate the invention and are not intended to limit the
scope thereof. Based on the description, a person skilled
in the art will be able to modify the invention in many ways.

EXAMPLES

Materials and methods

Preparation of CNF hydrogels

[0062] The opaque native CNF hydrogel (1.7 wt %)
was obtained by high pressure homogenization of wet
cellulose pulp fibers. Thus, the direct product from the
process is a dilute cellulose nanofiber hydrogel. The
transparent CNF hydrogel (0.9 wt %) was obtained by
similar homogenization process of a chemically modified
(TEMPO-oxidized) cellulose pulp. The samples were
autoclave sterilized. For the cell studies, the CNF hydro-
gel was diluted to proper concentration and homogenized
with mechanical mixing or sonication. Cryo-TEM images
of native CNF and transparent CNF are presented in Fig-
ure 1. Native, cellulose nanofiber hydrogel is composed
of a mixture of individual cellulose nanofibrils and fiber
bundles (Figure 1A). The diameter of smallest fibers is
approximately 7 nm, majority of the cellulose material is
forming 50-100 nm in bundled structures, however. The

exact length scale can not estimated from the images
due to entangled and bundled nature of the material, but
it seems clear that individual nanofibers are several mi-
crometers long. The cryo-TEM image of the optically
transparent CNF hydrogel shows homogeneously dis-
tributed individual cellulose nanofiber network. The di-
ameter of these nanofibers is approximately 7 nm and
the length exceeds a micrometer. The nanofibers have
100 - 200 nm long straight segments followed by sharp
kinks along the fiber axel. These straight segments are
composed of highly crystalline cellulose domains - the
bending sites are formed by the amorphous parts.

Preparation of CNF membranes

[0063] CNF membranes were prepared by vacuum fil-
tration of an aqueous 0.2 wt% native CNF dispersion.
After filtration, the wet membranes were dried under
weight in oven at 55°C for 48 h. The dry films were smooth
and opaque with the grammage of 70 - 80 g/m2.

Enzymatic hydrolysis

[0064] Enzymatic degradation of CNF hydrogels was
demonstrated by hydrolyzing gravel containing 0.5% hy-
drogels with Celluclast 1.5 LFG, CCN0367 (Novozymes,
pHopt 5), Prot. 90 mg/ml. Degradation of native CNF was
conducted at pH 5 at 50°C for 4 days and degradation
of transparent CNF at pH 7 at 21°C for one hour. Enzyme
dosage was 5 mg of enzyme to one gram of CNF.
[0065] Background fluorescence measurements (neg-
ative control) were determined from wells containing hy-
drogel and dye reagent in culture medium but no cells.
The mean and standard deviation for all fluorescence
measurements were calculated and subsequently cor-
rected for background and expressed as relative fluores-
cence.

Example 1

Diffusion of dextrans through CNF hydrogels

[0066] Detailed knowledge on the diffusion properties
of a material is important. The cell culture material should
be porous enough to allow diffusion of nutrients and ox-
ygen to the cultured cells as well as to enable efficient
diffusion of metabolites from the cells. The diffusion prop-
erties of CNF hydrogel was demonstrated with different
molecular weight dextrans in the following manner:

400 ml of transparent or opaque CNF (1%) was plant-
ed per filter on the apical compartment in Tran-
swell™ filter well plates (filter pore size 0.4 mm). 1
ml of PBS was added into the basolateral side and
100 ml (25 mg) of fluorescent labeled dextrans were
added on top of the hydrogels (MW of 20k, 70k and
250k). Plate was fixed firmly and left undisturbed on
a well plate rocker. 100 ml samples were taken from
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the basolateral side and equal amount was replaced
with PBS. First samples were taken with 15 minute
intervals, other samples were taken with different
time points ranging from 30 minutes to 2 hours and
final samples at 24 hours. Total of 168 samples were
taken. Target plate (OptiPlate™-96 F) was meas-
ured at excitation and emission wavelengths 490 nm
and 520 nm respectively.

[0067] Diffusion of different molecular weight dextrans
through 1% native cellulose nanofiber gel is presented
in Figure 2. The diffusion of the model compounds takes
place at constant rate and it is highly dependent on the
molecular weight (size) of the compound. It is clear that
in the CNF hydrogels molecules are able to diffuse effi-
ciently although the gel structure is firm enough to stabi-
lize the cell suspension.
[0068] The observed diffusion profile can be utilized in
various drug delivery formulations and applications. The
diffusion of drugs can be controlled as a function of the
size of the drug molecule or protein (used as drug) or as
a CNF hydrogel concentration. The clear sustained re-
lease profile is especially beneficial for certain treatments
where longer release is preferred, especially in the case
of peptide or protein drugs.

Example 2

Gel strength

[0069] An important function of a medium is to prevent
sedimentation. CNF fulfills this demand by its ability to
form a gel network at very low concentration (0.5%). The
gel-like structure of CNF was shown by determining its
viscoelastic properties by dynamic oscillatory rheological
measurements. The results from the frequency sweeps
show typical gel-like behavior. The storage modulus (G’)
is several orders of magnitude higher than the loss mod-
ulus (G’) and nearly independent of frequency, which
means that elastic (solid-like) properties are more pro-
nounced than viscous (liquid-like) characteristics (Figure
3). Typical for gels is also that both G’ and G" are rela-
tively independent of frequency. The viscoelastic prop-
erties of the CNF gels were determined with an oscillatory
frequency sweep measurement in a rheometer (AR-G2,
TA Instruments) at a strain of 0.1%.

Example 3

Flow properties of CNF hydrogel

[0070] The rheological flow properties of CNF hydro-
gels result in several beneficial features. The hydrogels
have a high viscosity at low shear (or rest) for optimum
suspending capacity of the cells but also show shear-
thinning behavior at higher shear rates to enable easy
dispensing and injection. The ability of CNF to provide
these kinds of rheological properties was demonstrated

in a test series where the viscosity of CNF dispersions
was measured over a broad shear stress (rate) range in
a rotational rheometer (AR-G2, TA Instruments, UK).
[0071] CNF dispersions show much higher zero-shear
viscosities (the region of constant viscosity at small shear
stresses) than other water soluble polymers, as shown
in Figure 4. The zero-shear viscosity of CNF is greatly
increased by smaller nanofibril diameter induced by pre-
ceding chemical pretreatment of the starting material.
The stress at which shear-thinning behavior starts ("yield,
stress") is also considerably high for the CNF disper-
sions. The suspending ability of a material is the better
the higher the yield stress. For example cells are effec-
tively stabilized against sedimentation by the combined
effects of high zero-shear viscosity and high yield stress
and high storage modulus. The gravitational force ap-
plied by the cells is much weaker than the yield stress.
Thus, the suspended cells are "frozen" inside the gel ma-
trix if mixing with CNF or "frozen" on the gel if deposited
on the top of the gel.
[0072] In Figure 5 the viscosity is presented as a func-
tion of the measured shear rate. From this Figure 5 it is
obvious that the viscosity of the CNF dispersions drops
at relatively small shear rates and reaches a similar level
as that measured for the reference materials at shear
rates of about 200 s-1.
[0073] The network structure of CNF breaks down up-
on shearing (Figure 4). Upon the application of a certain
stress, the viscosity of the system drops dramatically and
a transition from solid-like to liquid-like behavior occurs.
This kind of behavior is beneficial as it enables mixing of
for example cells homogeneously into the CNF suspen-
sion by moderate mechanical shearing. When two-phase
liquids, such as flocculated CNF dispersions, are
sheared (e.g. in a rheometer or in a tube), the dispersed
phase tends to move away from the solid boundaries,
which leads to the creation of a lower-viscosity layer of
liquid at the walls of the container (Figure 6). This phe-
nomenon means that the resistance to flow, i.e. the vis-
cosity is lower at the boundaries than in the bulk of the
dispersion (Barnes, 1995). Respectively, injection of the
CNF hydrogel with a syringe and a needle or with pipette
is easy even at high concentrations (1-4%). The phenom-
enon enables also easy dispensing of cell suspensions
with minimum disturbance of the cells, i.e. majority of the
cells are located in the middle of the needle and are prac-
tically at rest (Figure 6).
[0074] Easy injectability of the CNF hydrogels is also
important feature when injectable drug formulations are
considered. As was described in Example 1, the CNF
hydrogels have release profiles that could be utilized in
sustained and controlled drug release applications.
These two findings for CNF hydrogels enable various
potential drug treatment applications, like intraocular, in-
tramuscular, subcutaneous treatments or for example
viscoelastic eye drop formulations.
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Example 4

Structure recovery after shearing has ceased

[0075] An additional important rheological property of
CNF hydrogels is that the high level of viscosity is re-
tained after shearing (e.g. injection or mixing) has
ceased. The structure recovery of CNF dispersion was
demonstrated by a test series where the material was
first sheared in a rheometer (StressTech, Reologica In-
struments Ab) at a high shear rate and after stopping the
shear the recovery of the gel strength (G’) was monitored
with an oscillatory time sweep measurement. The shear-
ing cycle was performed in concentric cylinder geometry
at a constant stress of 40 Pa for 61 s. The evolution of
shear rate and viscosity during this test is shown in Figure
7. The material was sheared at a relatively high shear
rate (1000 s-1) for a time period of at least 40 s, during
which the viscosity of the material dropped below 40 mPa
s.
[0076] After stopping the shear, the evolution of G’ (a
measure of gel strength) was followed by an oscillatory
measurement at constant frequency (1 Hz) and small
stress (0.5 Pa). The measurement was started exactly
10 s after the shearing was stopped. From Figure 8 it is
obvious that a gel network is very rapidly formed when
the CNF dispersion is allowed to rest after it has been
sheared at high shear rates. Substantial structure recov-
ery is observed already 10 s after the cessation of shear
(equal to time zero in Figure 8). A constant storage mod-
ulus (G’) level is reached after keeping the CNF disper-
sion at rest for less than 10 min. The G’-level that the
extensively sheared CNF dispersion developed was
comparable to that of a CNF dispersion that was only
gently mixed with a glass rod before the structure recov-
ery test.
[0077] Evolution of shear rate and viscosity when a
0.7% native CNF dispersion was sheared in a rheometer
in concentric cylinder geometry at a constant stress of
40 Pa is presented in Figure 8.
[0078] Structure recovery of a 0.7% native CNF dis-
persion after shearing at high shear-rate as compared
with after gentle mixing with a glass rod is presented in
Figure 8.
[0079] The fast structure recovery is important for hy-
drogel-type cell culture materials for two reasons. Firstly,
it enables cells to be homogeneously distributed in the
CNF hydrogels after mixing them with the hydrogel. Sec-
ondly, if the CNF hydrogels are used to transport cultured
cells, the fast recovery of the gel structure effectively
traps the cells to the desired place and the migration is
minimal, for example when in cell transplantation is con-
sidered. Fast recovery is essential also in the injectable
drug release formulations.

Example 5

Stability

[0080] Even very dilute dispersions of CNF have a very
high viscosity at low shear rates. The hydrogel structure
is also recovered when shear, such as injection, ceases.
At static conditions, CNF forms a hydrogel network with
high elastic modulus and exceptionally high yield stress.
Due to these properties, CNF has a very high suspending
power of solid particles even at very low concentration.
[0081] The suspending ability at static conditions is
demonstrated with gravel suspensions. 0.5% disper-
sions of native CNF and transparent CNF are able to
stabilize even 2-3 mm size gravel particles for very long
periods of time, see Figure 9. It should be noted that the
transparent CNF is able to stabilize particle suspensions
at lower concentration than native CNF.

Example 6

Enzymatic hydrolysis

[0082] It is commonly known that certain enzymes, cel-
lulases, are able to hydrolyse β-(1-4)-bonds in cellulose.
For example endo-1,4-β-glucanases (EGs) that target
cellulose chains in random locations away from the chain
ends; exoglucanases or exocellobiohydrolases (CBHs)
that degrade cellulose by splitting off molecules from both
ends of the chain producing cellobiose dimers; and β-
glucosidases (BGLs) that hydrolyze the cellobiose units
(produced during EG and CBH attack) to glucose. Re-
spectively, cellulose nanofibers can be enzymatically hy-
drolyzed to glucose with an aid of cellulases (Ahola, S.,
Turon, X., Osterberg, M., Laine, J., Rojas, O.J., Lang-
muir, 2008, 24, 11592-11599).
[0083] Enzymatic hydrolysis of cellulose can be uti-
lized in cellulose nanofiber containing cell culture sys-
tems for various reasons. Upon the hydrolysis of CNF
hydrogel, the viscosity of the media is drastically lowered
and the cultured cell structures are easily accessible e.g.
for staining. Also, after the hydrolysis, the cell structures
can be transferred or transplanted without the cellulose
containing material. The degradation product, glucose,
is generally non-toxic to cells and can be utilized as a
nutrient in cell culturing.
[0084] The enzymatic hydrolysis of cellulose nanofib-
ers can be conducted with an aid of different cellulases
at different environment. In Figure 10, the effect of com-
mercial Celluclast enzymes on the suspending power of
the gels is demonstrated. Both native and transparent
CNF hydrogels loose the suspending power due to en-
zymatic degradation of the gel structure. The cultured
cell lines can be also genetically engineered to produce
the needed enzyme protein into the culture system.
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Example 7

Ophthalmic composition

[0085] A 0.5 wt% hydrogel based on native cellulose
nanofibers is made using purified water. 0.1 wt% of hy-
aluronic acid, 0.1 wt% of EDTA, 0.2 wt% of propyl pa-
raben, 0.2 wt% of Tween 80 and 0.8 wt% of glycerol are
incorporated in the hydrogel to obtain a homogeneous
dispersion suitable for ophthalmic use. Alternatively, the
ingredients may be incorporated in purified water, which
is subsequently mixed with the cellulose nanofibers. In
a similar manner, compositions comprising for example
agents for controlling retinal pressure or for other indica-
tions can be obtained.

Example 8

Local anesthetic composition

[0086] A 1.2 wt% hydrogel based on native cellulose
nanofibers is made using purified water. 0.2 wt% of propyl
paraben and 15 wt% of benzocaine is incorporated in the
hydrogel with ethanol for assisting the dissolution of the
drug. Alternatively the drug substance may be dispersed
in particulate form in the hydrogel without the alcohol
whereby controlled release of the drug is achieved.

Claims

1. A drug delivery composition, characterized in that
the composition comprises cellulose nanofibers
and/or derivatives thereof, wherein the cellulose na-
nofibers and/or derivatives thereof are in the form of
a hydrogel and said cellulose nanofibers are ob-
tained by mechanical disintegration, and drug or
medicament.

2. The composition according to claim 1, character-
ized in that the diameter of cellulose nanofibers
and/or derivatives thereof or nanofiber bundles in
the cellulose nanofibers is less than 1 mm, preferably
less than 200 nm, more preferably less than 100 nm.

3. The composition according to claim 1 or 2, charac-
terized in that the cellulose nanofiber derivatives
comprise chemically or physically modified deriva-
tives of cellulose nanofibers or nanofiber bundles.

4. The composition according to any one of the claims
1 - 3, characterized in that the cellulose nanofibers
and/or derivatives thereof are obtained from raw ma-
terial comprising plant material or microbial cellulose
or derived from bacterial fermentation processes.

5. The composition according to any one of the claims
1 - 4, characterized in that the composition is a

topical, subcutaneous, intramuscular or intraocular
composition.

6. A method for producing a drug delivery composition
according to any one of the claims 1 - 5, character-
ized in that the method comprises the steps of

- obtaining cellulose nanofibers by mechanical
disintegration of cellulose raw material, cellu-
lose pulp, or refined pulp,
- mixing together said cellulose nanofibers with
water, combining the mixture with a medicament
or drug to obtain the composition.

7. The method according to claim 6, characterized in
that the mechanical disintegration is carried out with
a refiner, grinder, homogenizer, colloider, friction
grinder, ultrasound sonicator or fluidizer.

8. The method according to claim 6 or 7, characterized
in that the method further comprises transferring or
placing the obtained composition to a suitable envi-
ronment for drug delivery.

9. Use of a hydrogel comprising cellulose nanofibers
and/or derivatives thereof, where said cellulose na-
nofibers and/or derivatives are obtained by mechan-
ical disintegration, as carrier in a drug delivery com-
position.

10. The use according to claim 9, characterized in that
the diameter of cellulose nanofibers and/or deriva-
tives thereof or nanofiber bundies in the cellulose
nanofibers is less than 1 mm, preferably less than
200 nm, more preferably less than 100 nm.

11. The use according to claim 9 or 10, characterized
in that the cellulose nanofiber derivatives comprise
chemically or physically modified derivates of cellu-
lose nanofibers or nanofiber bundles.

12. The use according to any one of claims 9 - 11, char-
acterized in that the cellulose nanofibers and/or de-
rivatives thereof are obtained from raw material com-
prising plant material or microbial cellulose or de-
rived from bacterial fermentation processes.

13. The use according to any one of claims 9 - 12, char-
acterized in that the composition is a topical, sub-
cutaneous, intramuscular or intraocular composi-
tion.

Patentansprüche

1. Wirkstofffreigabezusammensetzung, dadurch ge-
kennzeichnet, dass die Zusammensetzung Cellu-
lose-Nanofasern und/oder deren Derivate, wobei die
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Cellulose-Nanofasern und/oder deren Derivate in
Form eines Hydrogels vorliegen und die Cellulose-
Nanofasern durch mechanische Zerfaserung ge-
wonnen werden, und ein Arzneimittel oder Medika-
ment umfasst.

2. Zusammensetzung nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Durchmesser von Cellulo-
se-Nanofasern und/oder deren Derivaten oder von
Nanofaserbündeln in den Cellulose-Nanofasern
kleiner als 1 mm, bevorzugt kleiner als 200 nm, be-
vorzugter kleiner als 100 nm ist.

3. Zusammensetzung nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass die Cellulose-Nano-
faserderivate chemisch oder physikalisch modifi-
zierte Derivate von Cellulose-Nanofasern oder Na-
nofaserbündeln umfassen.

4. Zusammensetzung nach einem der Anprüche 1 bis
3, dadurch gekennzeichnet, dass die Cellulose-
Nanofasern und/oder deren Derivate aus Rohmate-
rial, das Pflanzenmaterial oder mikrobielle Cellulose
umfasst, gewonnen werden oder aus bakteriellen
Gärungsprozessen abgeleitet werden.

5. Zusammensetzung nach einem der Ansprüche 1 bis
4, dadurch gekennzeichnet, dass die Zusammen-
setzung eine topische, subkutane, intramuskuläre
oder intraokulare Zusammensetzung ist.

6. Verfahren zur Herstellung einer Wirkstofffreigabezu-
sammensetzung nach einem der Ansprüche 1 bis 5,
dadurch gekennzeichnet, dass das Verfahren die
Schritte umfasst:

- Gewinnen von Cellulose-Nanofasern durch
mechanische Zerfaserung von Cellulose-Roh-
material, Zellstoff oder Refinerstoff;
- Mischen der Cellulose-Nanofasern mit Was-
ser, Kombinieren des Gemischs mit einem Me-
dikament oder Arzneimittel zum Gewinnen der
Zusammensetzung.

7. Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass die mechanische Zerfaserung mit
einem Refinermahlwerk, einer Schleifvorrichtung,
einem Homogenisator, einer Kolloidmühle, einem
Friktionsmahlwerk, einem Sonicator-Ultraschallge-
rät oder einem Wirbier durchgeführt wird.

8. Verfahren nach Anspruch 6 oder 7, dadurch ge-
kennzeichnet, dass das Verfahren ferner umfasst:
Übertragen oder Platzieren der gewonnenen Zu-
sammensetzung auf eine geeignete Umgebung für
die Wirkstofffreigabe.

9. Verwendung eines Hydrogels, das Cellulose-Nano-

fasern und/oder deren Derivate umfasst, wobei die
Cellulose-Nanofasern und/oder Derivate durch me-
chanische Zerfaserung gewonnen werden, als Trä-
ger in einer Wirkstofffreigabezusammensetzung.

10. Verwendung nach Anspruch 9, dadurch gekenn-
zeichnet, dass der Durchmesser von Cellulose-Na-
nofasern und/oder deren Derivaten oder von Nano-
faserbündeln in den Cellulose-Nanofasern kleiner
als 1 mm, bevorzugt kleiner als 200 nm, bevorzugter
kleiner als 100 nm ist.

11. Verwendung nach Anspruch 9 oder 10, dadurch ge-
kennzeichnet, dass die Cellulose-Nanofaserderi-
vate chemisch oder physikalisch modifizierte Deri-
vate von Cellulose-Nanofasern oder Nanofaserbün-
deln umfassen.

12. Verwendung nach einem der Anprüche 9 bis 11, da-
durch gekennzeichnet, dass die Cellulose-Nano-
fasern und/oder deren Derivate aus Rohmaterial,
das Pflanzenmaterial oder mikrobielle Cellulose um-
fasst, gewonnen werden oder aus bakteriellen Gä-
rungsprozessen abgeleitet werden.

13. Verwendung nach einem der Ansprüche 9 bis 12,
dadurch gekennzeichnet, dass die Zusammen-
setzung eine topische, subkutane, intramuskuläre
oder intraokulare Zusammensetzung ist.

Revendications

1. Composition de libération de médicament, caracté-
risée en ce que la composition comprend des na-
nofibres cellulosiques et/ou leurs dérivés, les nano-
fibres cellulosiques et/ou leurs dérivés étant pré-
sents sous forme d’hydrogel et les nanofibres cellu-
losiques étant obtenues par désintégration mécani-
que, et un remède ou médicament.

2. Composition selon la revendication 1, caractérisée
en ce que le diamètre des nanofibres cellulosiques
et/ou de leurs dérivés ou des faisceaux de nanofi-
bres dans les nanofibres cellulosiques est inférieur
à 1 mm, préférablement inférieur à 200 nm, plus pré-
férablement inférieur à 100 nm.

3. Composition selon l’une des revendications 1 ou 2,
caractérisée en ce que les dérivés de nanofibres
cellulosiques comprennent des dérivés de nanofi-
bres cellulosiques ou faisceau de nanofibres cellu-
losiques chimiquement ou physiquement modifiés.

4. Composition selon l’une des revendications 1 à 3,
caractérisée en ce que les nanofibres cellulosiques
et/ou leurs dérivés sont obtenus à partir d’un maté-
riau brut comprenant un matériau végétal ou la cel-
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lulose microbienne, ou sont dérivés de processus
de fermentation bactériennes.

5. Composition selon l’une des revendications 1 à 4,
caractérisée en ce que la composition est une com-
position topique, sous-cutanée, intramusculaire ou
intraoculaire.

6. Procédé pour la fabrication d’une composition de li-
bération de médicament selon l’une des revendica-
tions 1 à 5, caractérisé en ce que le procédé com-
prend les étapes consistant à:

- obtenir des nanofibres cellulosiques par désin-
tégration mécanique d’un matériau cellulosique
brut, d’une pâte cellulosique ou d’une pâte raf-
finée;
- mélanger les nanofibres cellulosiques avec de
l’eau, combiner le mélange avec un médicament
ou un remède pour obtenir la composition.

7. Procédé selon la revendication 6, caractérisé en ce
que la désintégration mécanique est réalisée avec
un raffineur, un défibreur, un homogénéisateur, un
colloïdeur, un broyeur à friction, un sonicator ultra-
sonique ou un fluidisateur.

8. Procédé selon l’une des revendications 6 ou 7, ca-
ractérisé en ce que le procédé comprend en outre:
transférer ou placer la composition obtenue dans un
environnement approprié pour la libération du mé-
dicament.

9. Utilisation d’un hydrogel comprenant des nanofibres
cellulosiques et/ou leurs dérivés, les nanofibres cel-
lulosiques et /ou dérivés étant obtenus par désinté-
gration mécanique, en tant que vecteur pour une
composition de libération de médicament.

10. Utilisation selon la revendication 9, caractérisée en
ce que le diamètre des nanofibres cellulosiques
et/ou de leurs dérivés ou des faisceaux de nanofi-
bres dans les nanofibres cellulosiques est inférieur
à 1 mm, préférablement inférieur à 200 nm, plus pré-
férablement inférieur à 100 nm.

11. Utilisation selon l’une des revendications 9 ou 10,
caractérisée en ce que les dérivés de nanofibres
cellulosiques comprennent des dérivés de nanofi-
bres cellulosiques ou faisceaux de nanofibres cellu-
losiques chimiquement ou physiquement modifiés.

12. Utilisation selon l’une des revendications 9 à 11, ca-
ractérisée en ce que les nanofibres cellulosiques
et/ou leurs dérivés sont obtenus à partir d’un maté-
riau brut comprenant un matériau végétal ou la cel-
lulose microbienne, ou sont dérivés de processus
de fermentation bactériennes.

13. Utilisation selon l’une des revendications 9 à 12, ca-
ractérisée en ce que la composition est une com-
position topique, sous-cutanée, intramusculaire ou
intraoculaire.
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